1. Relocations are increasingly popular among wildlife managers despite sharp debate and 21 low rate of relocation success in vertebrates. In this context, understanding the influence 22 of extrinsic (e.g., relocation design, habitat characteristics) and intrinsic factors (e.g., age 23 and sex) on demographic parameters such as survival that regulate the dynamics of 24 relocated populations is critical to improve relocation protocols and better predict 25 relocation success. 26 2. We investigated survival in naturally established and relocated populations of yellow-27 bellied toads (Bombina variegata), an amphibian that was nearly extinct in Belgium by the 28 late 1990s. We quantified survival at three ontogenetic stages (juvenile, subadult, and 29 adult) in the relocated population, the source population, and a control population. In the 30 relocated population, we quantified survival in captive bred individuals and their locally 31 born descendants. 32 3. We showed that survival at juvenile and subadult stages was relatively similar in all 33 populations. In contrast, relocated adult survival was lower than adult survival in the source 34 and control populations. Despite this, offspring of relocated animals (the next generation, 35 regardless of life stage) survived at similar rates to offspring in the source and control 36 populations. Our simulations revealed that the relocated population was self-sustaining 37 under different scenarios and that the fate (e.g., stability or finite rate of increase) of the 38 simulated populations was highly dependent on the fecundity of relocated adults and their 39 offspring. Thirty individuals were captured in the source population and placed in several ex-situ terraria (Fig.  159 2) where natural conditions were mimicked (rise of the water level) to trigger 3 or 4 breeding 160 periods each year. Stocking at the relocation site lasted six years (2008) (2009) (2010) (2011) (2012) (2013) (2014) (Cayuela et al. 2017b ). Juvenile and adult toads can be individually recognized 177
and surveyed using capture-recapture methods (Cayuela et al. 2016b (Cayuela et al. , 2016c We quantified age-dependent survival in control, source and relocated population using multievent 211 CR models. In these models, a distinction is made between events and states (Pradel 2005 ). An 212 event is the field observation coded in the individual's capture history, which is related to the latent 213 state of the individual. These observations can result in a certain degree of uncertainty regarding 214 the individuals' latent state. Multi-event models are designed to model this uncertainty in the 215 observation process using hidden Markov chains (Pradel 2005 ).
216
We considered a model based on five states (Supplementary material S2) that include 217 information about age (three age classes: juveniles 'J', subadult 'S', and adult 'A') and temporary 218 emigration status at adult stage (available for capture 'b', and not-available 'nb'). The models 219 include four events coded in the capture histories as: '0', individuals that are not captured ; '1', 220 individuals captured as juveniles; '2', individuals captured as subadults; and '3', individuals 221 captured as adults. Our model had robust design structure (Pollock 1982 ) so can consider temporary 222 emigration. We considered both intra-annual and inter-annual emigration probabilities. Intra-223 annual survival probability was set at 1 as is typical in robust design models (Kendall et al. 1995, 224 Kendall & Nichols 2002). This assumption was realistic in our study system as intra-annual survival 225 probability in B. variegata is usually > 0.9 (Cayuela et al. 2016a At their first capture individuals were assigned to one of three distinct states of departure 237 (Fig. 2) . At each time step, the information about individual state is progressively updated through 238 four successive modeling steps: (1) survival, (2) age transition, and (3) temporary emigration. Each 239 step is conditional on all previous steps. At the first modeling step, survival information is updated 240 (Fig. 3 ). An individual may survive with a probability φ or die with a probability 1-φ. This results 241 in a matrix with 5 states of departure and 5 states of arrival. Survival probability may differ between 242 age classes by holding different φ values for the rows 1, 2 and 3-4. Note that the φ for the row 3 243 and 4 are always set equal as survival of adults that are available and unavailable for capture cannot 244 be estimated separately due to parameter identifiability issues. In the second modeling step, 245 information about individual age is updated (Fig. 3 ). An individual can change of age class with a 246 probability α or remain in the same class with a probability 1-α. This leads to a transition matrix 247 with 5 states of departure and 5 states of arrival. Note that in the matrix transition adults are forced 248 to stay in the same age class. In the third modeling step, temporary emigration is updated. An adult 249 may become available for capture with a probability γ or may become unavailable with a 250 probability 1-γ. This results in a transition matrix with 5 states of departure and 5 states of arrival.
251
The probability of capture availability at time t may depend on the individual status of capture 252 availability at t-1 (i.e., Markovian emigration probability) by holding different γ values for the 253 rows 3 and 4. The last component of the model (i.e., the event matrix, Fig. 3 ) links events to states.
254
Individuals can be recaptured with a probability p or not with a probability 1-p. The probability of 255 recapture may differ between age classes by holding different p values for the rows 1, 2, and 3. 256
Note that the recapture probability of adults that are unavailable for capture is set at 0 in the matrix.
257
This parameterization was implemented in program E-SURGE (Choquet et al. 2009 ). The 258 datasets from the three populations (control, source, and relocated) differed in terms of the number 259 of study years and of capture sessions per year (Supplementary material S1) . Therefore, we 260 analysed the three datasets separately and considered one model selection procedure per population.
261
We ranked models using the Akaike information criterion adjusted for a small sample size (AICc) 262 and Akaike weights (w). If the Akaike weight w of the best supported model was less than 0.9, we 263 used model-averaging to obtain parameter estimates (Burnham & Anderson 2002) . The 95% CI 264
were calculated using the delta-method (Royall 1986 ). Population-specific parameters were then 265 compared based on their mean and their 95% CI. We examined our hypotheses about survival, 266 temporary emigration, and recapture from the following general model:
The effects considered in the models were age (A), individual past emigration 268 status (S) and year (Y). We hypothesized that: (1) survival φ probability differed among age classes 269 (A), (2) emigration probability at both intra-annual ( ) and inter-annual ( ) levels 270 depended on emigration status at t-1 (S), and (3) recapture probability varies according to age (A) 271 and year (Y). We tested all the possible combinations of effects (including models with constant 272 parameters noted '.'), resulting in the consideration of 16 competing models for the control and the 273 relocated population (Supplementary material S2) . For the source population, intra-annual and 274
inter-annual emigration probability was set at 1 to avoid convergence issues, resulting in a restricted 275
set (8) We aimed to compare survival of captive bred (and relocated individuals) and locally born 280 individuals (i.e., the descendants of captive bred individuals) in the relocated population. In our 281 study system, individuals released in the field cannot be identified with ventral coloration pattern.
282
Therefore, there is an uncertainty about the 'captive bred' and 'locally born' status of individuals 283 before they are juveniles (one overwintering). This status can only be ascertained for those that 284 have been captured at juvenile and/or subadult stages (as we know their release or birth year in a 285 given site). Because dispersal is rare between sites, it was possible to discriminate captive bred or 286 locally born juveniles and subadults in each site. We used multievent CR models to take into 287 account individuals' status uncertainty in our survival inferences. We considered a model with nine 288 states (Supplementary material S2) including information about age (juvenile, 'J'; subadult, 'S'; 289 adult, 'A'), the status 'captive bred' ('T') or 'locally born' ('L'), and the emigration status (available 290 for capture, 'b'; non-available, 'nb'). The model includes eight events that are coded as following 291 in the capture histories: captive bred individuals are coded '1' at juvenile stage, '2' at subadult 292 stage, and '3' at adult stage; locally born individuals are coded '4' at juvenile stage, '5' at subadult 293 stage, and '6' at adult stage. We attributed the code '7' to individuals whose status was uncertain 294 and the code '0' for individuals that were not captured.
295
As in the previous model, we considered three successive steps: (1) survival, (2) age 296 transition, and (3) temporary emigration. In the first modeling, the information on survival is 297 updated (Fig. 4) . This results in a transition matrix with 9 states of departure and arrival. Survival 298 probability φ may differ between the 'captive bred' and 'locally born' status by holding different φ 299 values for the rows 1-4 and 5-8. Next, age transition is updated (Fig. 4) , leading to a transition 300 matrix with 9 states of departure and arrival. In the third modeling step, temporary emigration is 301 modeled (Fig. 4) , leading to a transition matrix with 9 states of departure and arrival. The 302 probability of becoming available for capture γ may differ between captive bred and locally born 303 adults by holding different γ values for the rows 3-4 and 7-8. For the events, we considered two 304 distinct matrices (Fig. 4) This parameterization was implemented in program E-SURGE. The models were ranked 322 using AICc and AICc weights (w). If the Akaike weight w of the best supported model was less 323 than 0.9, we used model-averaging to obtain parameter estimates. We tested our hypotheses about 324 survival, emigration probability and recapture from the following general model:
We considered three effects in the model: age (A), 326 'captive bred' and 'locally born' status (T), individual past emigration status (S), and year (Y). We 327 hypothesized that (1) survival φ probability varied according to age class (A) and differed between 328 captive bred and locally born individuals (T). As we were interested in obtaining the value of 329 survival of both captive bred and locally born individuals (used in the simulation matrix model 330 below), we kept the variable (T) in all the models. We considered an interaction between these two 331 factors. We also examined whether emigration probability at both intra-annual ( ) and inter-332 annual ( ) levels depended on emigration status at t-1 (S) and differed between captive bred 333 and locally born adults; an interaction between these two factors was considered. We also 334 hypothesized that recapture probability varied according to age (A), "captive bred" and "locally of values for fecundity in the captive bred relocated individuals: 1) fecundity F is equal to 0.79 361 (control population) or 0.88 (the other population from northeastern France); and 2) a loss of 50% 362 of the fecundity F is experienced. Each simulation began with 100 individuals. The number of 363 individuals in each age class was obtained through the stable stage distribution provided by the 364 three age-class Leslie matrix. The number of individuals at t+1 given the number of individuals at 365 t was simulated using demographic stochasticity for captive bred individuals and their locally born 366 descendants. We then simulated the number of individuals in 6 classes (relocated juveniles, 367 subadults, adults; and locally born juveniles, subadults and adults). The number of surviving 368 individuals in each age class and status was randomly sampled from a binomial distribution. The 369 number of new recruits was sampled from a Poisson distribution. Offspring of captive bred 370 individuals automatically became locally born individuals. The simulated population was 371 monitored for 50 years and we performed 1000 simulations for each scenario. At each time step, 372
we monitored the number of captive bred and locally born adults (i.e., breeding females). 373 374 For the control and relocated populations, the best-supported model was [φ(A), α(A), averaged to obtain parameter estimates (Supplementary material S2) . The recapture probability 389 varied between populations, age, and year (Supplementary material S2) . It was highest in the 390 source population. The recapture probability was lower in subadults compared to juveniles and 391 adults in all the populations. 392
Fig.5. Lifecycle of Bombina variegata (A) and the simulation matrix model (B). The parameter
Emigration probabilities in the relocated and the control population were Markovian. In 393 both of these populations, at the intra-annual level, the probability of being available for capture at 394 time t was higher for individuals that were already available at t-1 (control: 0.80, 95% CI 0.75-395 0.84; relocated: 0.70, CI 0.61-0.78) than for individuals that temporarily emigrated at t-1 (control: 396 0.06, 95% CI 0.03-0.12; relocated: 0.14, CI 0.10-0.18). At the inter-annual level, the pattern was 397 the same: individuals that were already available for capture at t-1 had a higher probability of being 398 available again at t (control: 0.64, 95% CI 0.59-0.69; relocated: 0.21, CI 0.11-0.34) than individuals 399 that temporarily emigrated t-1 (control: 0.39, 95% CI 0.30-0.49; relocated: 0.13, CI 0.06-0.27).
400
Survival increased with age ( Fig. 6A) in the source and control populations. There was a 401 sharp increase from juvenile to subadult stages, then survival was relatively stable at subadult and 402 adult stages. In contrast, in the relocated population, survival increased between juvenile and 403 subadult stages and decreased at the adult stage. Importantly, our results showed that survival 404 before sexual maturity (at juvenile and subadult stages) was relatively similar in the three 405 populations and that adults experienced decreased survival in the relocated population. AICc value, we model-averaged to obtain parameter estimates. Overall, our results indicated that 411 recapture probability marginally differed between captive bred and locally born-individuals and 412 was similar to values provided by Model 1. As well, temporary emigration probability was similar 413 in the captive bred and locally born individuals and equal to the values reported for MODEL 1 in 414 this population. Survival of captive bred juveniles and subadults in the relocated population is 415 similar to survival in their locally born descendants (Fig. 6b) . In addition, survival of locally born 416 adults was similar to survival of adults in the control and source populations ( Fig. 6a and 6b) . 417 However, survival in captive bred adults was lower than survival in locally born adults (Fig. 6b) Our simulations revealed that the relocated population is self-sustainable all the four scenarios 432 considered (Fig. 7) . In each of them, after 10 years captive bred individuals have disappeared from 433 the population. 
